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Male sterilization by chemical agents is a nonsurgical contraceptive approach designed to
induce azoospermia and, therefore, infertility. Intratesticular injection of zinc gluconate for
sterilization of dogs has been described, but its use in cats remains limited. The objective of
the present study was to evaluate, by light and transmission electron microscopy, the
efﬁcacy of a single intratesticular injection of a zinc gluconate solution (Testoblock) as a
sterilant for male cats. Twelve sexually mature mixed breed cats were allocated at random
into two groups (control ¼ 6; treated ¼ 6) and given a single injection into each testis of
either isotonic saline or zinc gluconate, respectively. Histopathologic and ultrastructural
evaluation was assessed at 120 days postinjection. Histopathologic changes were not
detected in the testes from the control group. However, histologic evaluation of the treated
group revealed atrophic and dilated seminiferous tubules, a decrease in the number of
germ cells, and incomplete spermatogenesis. Sertoli cells had various degrees of cyto-
plasmic vacuolization. Intertubular tissue revealed active ﬁbroblasts, collagen deposition,
and inﬂammatory cells. The diameter of seminiferous tubules, epithelial height and
tubular area were reduced (P < 0.05) in the treated group compared with controls.
Azoospermia occurred in 8 of the 11 treated cats (73%). Ultrastructural evaluation of Leydig
cells revealed loss of nuclear chromatin, increased smooth endoplasmatic reticulum, and
mitochondria degeneration. Intratesticular injection of zinc gluconate solution impaired
spermatogenesis in cats and has great potential as a permanent sterilant in this species.
 2014 Elsevier Inc. All rights reserved.1. Introduction by inducing azoospermia. This procedure is not demandingSterilization by chemical agents is a nonsurgical
approach to male contraception. Chemical agents injected
into the testis, epididymis, or vas deferens cause infertility/ þ55 81 98986000;
A. Silva).
. All rights reserved.
13technically, inexpensive, and suitable for mass sterilization
programs in both domestic and wild animals [1].
One reason to castrate pets is the elimination of
secondary sex characteristics, such as mounting,
aggression, and urine marking (spraying) [2]. Addition-
ally, sterilization contributes to pet population control
[3]. Traditional methods of contraception require time
for the contraceptive to be effective, costs are high, and
A.K.F. Fagundes et al. / Theriogenology 81 (2014) 230–236 231operative approaches involve risks and may induce
trauma [4].
There are reports of satisfactory results related to
chemical castration in cats. According to Pineda and
Dooley [5], chemical castration using intra-epididymal
injection of chlorhexidine gluconate induced azoo-
spermia or severe oligospermia in cats. Intratesticular
injection of calcium chloride also demonstrated potential
for permanent contraception in cats [6].
Previous studies in dogs revealed that intratesticular
injection of zinc gluconate impaired spermatogenesis
owing to germ cell death [7]. The break down of the Sertoli
cell barrier and the subsequent release of germ cell anti-
gens could have been responsible for the observed in-
ﬂammatory reaction after the use of zinc gluconate [8–13].
Chemical sterilization with zinc gluconate seems to be
a feasible alternative method for population control of
adult male cats, yet studies using this approach have not
been documented. Therefore, the aim of the present
study was to evaluate, by light and transmission electron
microscopy, the efﬁcacy of a single intratesticular injec-
tion of a zinc gluconate solution to promote sterilization
in adult male cats.
2. Materials and methods
2.1. Test compound
The test compound was a proprietary zinc gluconate
solution for intratesticular injection (Testoblock, Bio-
Release Technologies LCC, Birmingham, AL). It contains
0.2 mol/L zinc gluconate (13.1 mg zinc/mL), which is pH-
neutralized in a physiologic vehicle.
2.2. Animals
We included 12 intact, short hair, male cats from two
private colonies, approximately 9 to 12 months old and
weighing 2.0 to 4.5 kg. The study was approved by the
Animal Experimentation Ethics Committee of Federal
Rural University of Pernambuco (Protocol 008/2010). All
cat owners were given detailed information regarding the
experiment and signed a research consent form. The
work was undertaken between January and November in
Recife, PE, Brazil (8040 South; 33550 West). At this
location, there is approximately 12 hours of light per day
and a mean temperature of 26.4 C. There were no clin-
ical abnormalities in any of the cats based on a physical,
hematology, and clinical chemistry examinations. All cats
produced ejaculates with 80% progressively motile sperm
and sperm counts were within normal limits. All males
displayed sexual interest toward an estrous queen.
Cats were randomly assigned to two groups, controls
(n ¼ 6) and treated (n ¼ 6), and each cat was given a
single injection into each testis of either isotonic saline or
zinc gluconate, respectively.
2.3. Intratesticular injection
Cats were anesthetized for intratesticular injections and
semen collection. Access to food and water was withheldfor 12 and 7 hours, respectively, before anesthesia, which
was induced using xylazine (0.5 mg/kg, im; Rompun 2%,
Bayer, Tarrytown, NY) followed by ketamine (5.0 mg/kg,
IM; Ketalar, Pﬁzer, Rye Brook, NY). If needed, an additional
treatment (approximately 25% of the original dose of each
product) was given.
Before intratesticular injection the scrotum was
cleaned (10% povidine iodine, SLF, Gama, DF, Brazil). The
width of each testis was measured with calipers, and a
single injection of isotonic saline or Testoblock was given
into each testis (1 mL of solution for every 27 mm of
testis width; adapted from Wang 2002 [11]). The volume
injected per testis ranged from 0.44 to 0.51 mL. Injections
were performed using a 0.5-mL U100 insulin syringe with
a 28-ga, 12-mm needle (a separate needle was used for
each testis). The needle was inserted in a plane parallel to
the testis, into the dorsal-cranial area of each testis, near
the caput epididymis (close to the rete testis and efferent
ducts). Cats were observed for approximately 1 hour after
injections. Owners were instructed to observe their ani-
mals and to contact the researchers if there were changes
in cat behavior or appearance.
2.4. Testicular weight evaluation
At 120 days after intratesticular injection of saline or
zinc gluconate all cats were castrated. After orchiectomy,
testes were weighed and 19% (concerning to tunica
albuginea) was subtracted to calculate the liquid weight
of the testes, as described by França and Godinho (2003)
[14].
2.5. Testicular histopathology
Testes were cut in half and immersed in 4% glutaral-
dehyde in phosphate buffer (0.1 mol/L and pH 7.3) for at
least 2 days. Then, testis were trimmed, dehydrated in a
series of graded alcohol solution, and embedded in
plastic resin of glycol methacrylate (Historesin, Leica,
Wetzlar, Germany). Histologic sections (4 mm) were
stained with 1% toluidine blue/sodium borate and
analyzed morphologically and morphometrically [15].
Seminiferous tubule diameter and area, as well as
epithelial height were analyzed according to the method
of Tenorio, et al. [16].
2.6. Transmission electron microscopy
Testicular fragments were processed for electron mi-
croscopy according to Cavalcanti, et al. [17]. Ultrathin
sections were stained with uranyl acetate (3%) and lead
citrate, imaged and photographed in a transmission
electron microscope (Jeol JEM 100CX, Tokyo, Japan).
2.7. Clinical assessments
General attitude of the cats, body weight, ability to
walk, scrotal changes, and rectal temperature were
evaluated on Days 0 (immediately before treatment), 60,
and 120. Concurrently, testes width was measured and
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dependent spines.2.8. Plasma testosterone concentration
Blood samples from the saphenous vein were collected
in a tube containing EDTA from all cats just before treat-
ment and at 60 and 120 days. These samples were
centrifuged (700  g for 15 minutes), and plasma stored
at 20 C. Plasma testosterone concentrations were
measured in the B.E.T. Laboratory (Lexington, KY), using
radioimmunoassay kits (Coat-A-Count, Diagnostic Prod-
ucts Corporation, Inc., Los Angeles, CA), previously vali-
dated for domestic cats [18].2.9. Statistical analysis
The Kolmogorov–Smirnov test was used to check the
tendency to normality of the data. If the results showed a
normal trend, a parametric t-test was used. However, if
the results showed a non-normal trend, the nonpara-
metric Mann–Whitney test was used. Before treatment,
all animals were evaluated to check that each measured
parameter fell within the normal range. This was per-
formed using the Wilcoxon paired test. Data were
expressed as mean values  standard deviation. P < 0.05
was considered signiﬁcant.
3. Results
3.1. Clinical observations
After treatment, rectal temperatures of each cat
remained normal. Owners did not observe their cats
either biting or licking the scrotum, but they did report
transient testicular swelling in all treated cats 1 day after
injection. However, there was no apparent scrotal or
testicular pain or tenderness, except for one treated cat,
which experienced discomfort (reduced activity and feed
intake) 2 to 3 hours after injection. Testes weights (g)
were lower in treated cats compared with the control
group (0.59  0.26 vs. 1.20  0.32; P ¼ 0.03).Fig. 1. Photomicrographs of cat testis from control group after 120 days of an intra
cross-section during stage V of seminiferous epithelium cycle (star). Note Leydig ce
Seminiferous tubule cross-section during stage I of seminiferous epithelium cycle (s
intertubular tissue.3.2. Testicular histopathology
3.2.1. Light microscopy
Histopathologic evaluation of the testes in the control
group revealed seminiferous tubules with normal sper-
matogenesis and typical cellular associations between
Sertoli and germ cells in various stages of the seminif-
erous epithelium cycle. Leydig cells had normal
morphology and typical characteristics of steroidogenic
cells (Fig. 1A, B).
Animals treated with zinc gluconate revealed a semi-
niferous epithelium with fewer or absence of germ cells
in basal and adluminal compartments and most semi-
niferous tubules were atrophied (Fig. 2E, F). Conversely,
some tubules had increased tubular size owing to an
expanded lumen, but these tubules also had fewer germ
cells and incompletely formed spermatids. Most semi-
niferous tubules had a thicker basement membrane
(Fig. 2A, B). The intertubular compartment revealed
hyalinized tubular formations characterized by deposi-
tion of collagen layers, encapsulating degenerated cells,
active ﬁbroblasts that are characterized by the synthesis
of collagen and other matrix components, loose chro-
matin, large nucleus with a large nucleolus and the
presence of cytoplasm that is rich in rough endoplasmic
reticulum, and inﬂammatory cells (Fig. 2C, D). Large
clusters of Leydig cells surrounded by collagen were
observed.
The diameter of seminiferous tubules (mm) was
reduced in the testes of treated cats when compared with
controls (163.67  16.23 vs. 211.45  10.91; P < 0.0001).
The height of the seminiferous epithelium (mm) was also
signiﬁcantly reduced in the testes of treated cats
compared with control cats (63.88  7.59 vs. 81.67  5.36;
P < 0.001). The cross-sectional area of seminiferous tu-
bules (mm2) was reduced in the testes of treated animals
compared with controls (2.12  104  3.91 103 vs. 3.51 
104  3.56  103; P < 0.0001).
3.2.2. Transmission electron microscopy
Ultrastructural analysis of seminiferous tubules of
control cats revealed normal characteristics of germ and
somatic cells. Sertoli cells had indented nuclei and typicaltesticular injection with saline solution (NaCl 0.9%). (A) Seminiferous tubule
lls in the intertubular tissue showing intracellular lipid droplets (arrow). (B)
tar). Note the lymphatic space (arrow) and Leydig cells (white arrow) in the
Fig. 2. Photomicrographs of cat testis after 120 days of an intratesticular injection of zinc gluconate. (A) Seminiferous tubule cross section showing the lack of
germ cells in the adluminal compartment (star), few germ cells in basal compartment (arrow) and thickening of the basement membrane (arrowhead). (B)
Seminiferous tubule containing mainly Sertoli cells (arrow) with intracytoplasmic vacuolation (arrowhead). (C) Hyalinized formations in the intertubular tissue
(arrow). (D) Note the direction of collagen deposition in these circular formations (arrow). Also note the presence of ﬁbroblasts at different levels of activation,
some inﬂammatory cells and blood vessels (white arrow). (E) Cluster of Leydig cells (dotted line) surrounded by collagen (white arrow) and atrophic seminiferous
tubules (arrow). (F) Two atrophic seminiferous tubules (arrow) showing intense deposition of collagen (star) surrounding the duct. Blood vessels (white arrows)
are also shown.
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arrangement between Sertoli cells, germ cells, and myoid
cells. The ultrastructural morphology of mitochondria
within Sertoli cells was normal with typical morphologic
arrangement (Fig. 3A).
In contrast, the seminiferous tubules from treated cats
displayed few and abnormal cellular associations between
Sertoli cells and germ cells. Intertubular tissue showed
collagen deposition near the basement membrane of the
tunica propria associated with activated ﬁbroblasts
(Fig. 3B, C) having a dilated endoplasmic reticulum and
loosely arranged nuclear chromatin. These characteristics
are typical of cells synthesizing greater amounts of protein
compared with normal cells and are presumably, the
reason for the signiﬁcant collagen deposition, observed
between tubules (Fig. 3D).
Leydig cells showed large nuclei with loose chromatin
and cytoplasm with an abundant smooth endoplasmic
reticulum.Mitochondriawere enlarged with loss of cristae
and vacuolization in the matrix. Some Leydig cells hadlipid droplets associated with vacuoles and several cir-
cumscribed lamellar arrangements (myelin ﬁgures)
typical of degeneration of membranous organelles
(Fig. 3E). Furthermore, some Leydig cells also showed
nuclei in early karyolysis, lack of mitochondria, several
myelin ﬁgures near the condensed nuclei, and loss of cell
boundaries with other nearby cells. These morphologic
changes are similar to those observed in cells undergoing
necrosis.
3.3. Plasma testosterone concentration
A wide variation in plasma testosterone concentra-
tions occurred owing to the breeding season. To decrease
the interference of this variation in the results, we used a
paired statistical test (Wilcoxon) to evaluate the same cat
before and after testicular injection. Plasma testosterone
concentration did not change in treated versus control
cats at 60 days after the treatment (Table 1). However,
even with breeding season variation, plasma testosterone
Fig. 3. Transmission electron micrographs of cat testes from control group (A) and treated group (B–F). (A) Sertoli cell with a typical nucleolus (arrow), normal
germ cell (large arrow), and normal myoid cell (white arrow). Note the normal appearance of mitochondria (arrowhead). (B) The tunica propria showing
increased thickness (white arrow), collagen deposition below the basement membrane (star), and cellular extensions of myoid cells (arrows). (C) Sertoli cell with
an indented nucleus (arrowhead) and typical nucleolus (arrow). Note the collagen deposition below the basal membrane (large arrow) and lack of an association
between Sertoli cell and germ cells. (D) Activated ﬁbroblast (F) in the intertubular tissue. Note the dilation of endoplasmic reticulum (arrowhead), loose
chromatin (arrow) and collagen deposition (large arrows). (E) Leydig cell showing a large nucleus with loose chromatin (star), and mitochondria with loss of
cristae and presence of vacuoles (arrowhead). Note the lipid droplet (lip) associated with a vacuole circumscribed by several lamellar arrangements (myelin
ﬁgure; arrow). (F) Leydig cell showing morphologic changes associated with necrosis. Note the dense nucleus in early karyolysis (arrow), lack of mitochondria,
several myelin ﬁgures (large arrow) and loss of cell limits with others cells.
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gluconate injection.
4. Discussion
In this study, six sexually intact, pubertal male cats
were given a single intratesticular injection of a zinc
gluconate-based solution (Testoblock) to observe its
effects on testicular parenchyma and testosteroneTable 1
Plasma testosterone concentration (pg/mL) in control cats after 60 and 120 days
with zinc gluconate (mean value  standard deviation).
Group 0 day 60 day
Control (n ¼ 6) 88.85  136.45 100.63
Treated (n ¼ 6) 102.82  143.88a 144.06
* P < 0.05. Different letter superscripts indicate signiﬁcant differences.concentration. The sclerosing agent used in this experi-
ment compromised the structure and function of the
testes, which included (1) atrophy of seminiferous tubules
and germ cell degeneration, (2) morphologic changes in
Sertoli and Leydig cells, (3) testicular ﬁbrosis, (4) sper-
matogenesis impairment and (5) decrease in testosterone
production.
Histopathologic changes were observed in all areas of
the testes of cats, which is in contrast to that observed inof an intratesticular injection with saline solution or treated cats injected
s 120 days P
 146.36 101.46  144.94 0.812
 143.83a 5.94  2.22b 0.031*
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seen in the testes in areas closest to the site of injection.
In this study, changes observed in the testes of cats could
be related to a greater zinc concentration used in this
species compared with that used in dogs [7,19,20]
Seminiferous tubule diameter and epithelial height of
the testes from the control group were similar to data
reported previously [14]. However, treated cats revealed a
reduction in the diameter of seminiferous tubules,
epithelial height, and testicular weight after 120 days
after treatment. These parameters were shown to have a
direct and positive correlation with sperm production
and, since the duration of spermatogenesis in cats is 46.8
days [21], the effects of Testoblock persisted for more
than two spermatogenic cycles (120 days) in most cats.
Therefore, it seems that zinc gluconate had a speciﬁc and
prolonged action on the seminiferous epithelium.
It is known that high concentrations of zinc in the testis
induce an inﬂammatory reaction, which is characterized
by the presence of neutrophils, macrophages, and pre-
dominantly CD8-positive lymphocytes [12]. Moreover,
inﬂammatory cells showed elevated phagocytic and
cytotoxic activities after zinc gluconate treatment [13].
Therefore, it seems reasonable to conclude that the in-
ﬂammatory reaction observed in the testicular paren-
chyma of treated testes from the present study could be
responsible for the lesions seen in the seminiferous
epithelium, for germ cell death, and presumably,
infertility.
Ultrastructural analysis revealed a thicker basal
membrane and proliferation of myoid cells with an in-
crease in the thickness of the tunica propria surrounding
the seminiferous tubules. These changes may be a
consequence of an inﬂammatory reaction triggered by
the injection of zinc gluconate. Furthermore, the ﬁbrosis
may be the result of increase intertubular collagen
deposited by active and proliferating ﬁbroblasts.
Intratesticular injection of zinc gluconate induced ul-
trastructural changes in Leydig cells, as well as a massive
necrosis of these cells in association with collagen depo-
sition by activated ﬁbroblasts in the intertubular tissue.
Consequently, plasma testosterone levels were compro-
mised. At Day 120, testosterone-dependent penile spines
were prominent in control cats, but absent in two and
decreased in ﬁve treated cats. Sterilization by chemical
agents is generally performed to suppress androgenesis
and secondary sex behavior, and for population control
[2,19]. Zinc gluconate has been recently used as a contra-
ceptive method in dogs [7,19]. This treatment induces at-
rophy of seminiferous tubules and the impairment of
spermatogenesis. Zinc gluconate treatment has a 99.5%
success rate in the sterilization of dogs. However, the
plasma testosterone levels were reduced by only 50% after
treatment [20,21]. Testosterone-related behavior is desir-
able owing to the use of dogs for hunting and guarding
[12]. For other species, including cats, an ideal chemical
contraceptive would render them infertile, as well as
suppress androgenesis, libido, and mitigate secondary sex
characteristics [6]. In this regard, because zinc gluconate
did not alter behavior in dogs, the dose used in the present
study was approximately twice that recommended forintratesticular injection in dogs [18–20]. Wang, et al. [11]
recommended 0.3 mL of zinc gluconate solution for a
testis 12 to 14 mm wide, whereas in the present study,
0.44 to 0.51 mL was injected into each testis.
Testicular damage caused by the injection of zinc glu-
conate may be related to its ability to promote injury to
the testicular parenchyma similar to that observed in
autoimmune orchitis. However, a study using Wistar
rats where different classes of anti-inﬂammatory drugs
and sodium metamizole were used after intratesticular
injection of zinc gluconate, revealed a delay in the anti-
inﬂammatory process. This ﬁnding suggests that zinc
gluconate may cause testicular toxicity by promoting ne-
crosis rather than through an inﬂammatory pathway.
Further studies are necessary to determine whether
spermatogenesis recovers after treatment, because some
have shown recovery of spermatogenesis in men years
after testicular damage [22]
An intratesticular injection of zinc gluconate impaired
spermatogenesis in cats and its effect remained even after
120 days, the equivalent to 2.5 cycles of seminiferous
epithelium (46.8 days in cats) [14]. Therefore, the combi-
nation of testicular sclerosis and the disruption of sper-
matogenesis produced by an intratesticular injection of
zinc gluconate suggest that this compound could be used
as a contraceptive method in adult male cats.Acknowledgments
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